
358 MONTHLY WEAT= REVIEW. AUGUST, 1904 

Local coiiditzons.-The pressure at  St. Louis, a t  8 a. m. 
August 19, was 29.89 inches; there was a constant decline 
thereafter until about 9 p. m., when the lowest point was 
reached, 29.66 inches reduced pressure or 29.06 station pres- 
sure; the relative humidity was high during the greater por- 
tion of the day, 94 per cent a t  8 a. m., 91 per cent a t  1 p. m., 
dropping slowly to 79 per cent by 8 p. m. A thunderstorm 
appeared in the northwest portion of the city during the early 
afternoon, the first thunder being heard a t  2:55 1). ni. This 
storm moved in an easterly direction to the north of the sta- 
tion; it was very local in character, and was confined to the 
northern portion of St. Louis and Maclison. The storm graclu- 
ally became more threatening over north St. Louis, the cloncl 
movement indicating a rather violent local disturbance in that 
locality, but a t  no time did the storm appear especially de- 
structive at  any great distance from its path of action. B s  its 
course was 2 miles north of the local TVeather Bureau ofice, 
i t  was beyond the vision of the observer. At 3:55 1). m. the 
storm assumed the characteristics of a tornado, violent winds 
being first noticeable a t  about No. 3200 north of Market street 
ancl No. 2500 west of the river; it morecl aliuost due east, the 
extreme width of the path being about seven blocks, from No. 
3300 to No. 3900 north. It appears to have bounded at inter- 
vals, from the fact that its destruction was less marked at  sowe 
points along its path than at others. The storm eridently 
reached its maximum strength from Broadway, No. 500 west,, 
to Second street, where telephone ancl electric light poles 
were broken and thrown to the ground, and the Broadway 
street car service was suspended until the next clay; the 
Granite Iron Rolling Mills, No. 3400 north, seemed to have 
suffered the most severely, the estiinated clamage being 
$25,000; about four other business houses were clamaged and 
twenty-five or thirty dwellings injured. The writer personally 
inspected the damaged district and noted that the damage 
usually consisted of unroofed buildings, broken poles, electric 
and telephone wires; a t  no point did the clamage appear to 
be irreparable or  absolute. 

The storm, after leaving St. Louis a t  the river front, passed 
eastward to Madison and East Madison, where i t  continued 
its devastation. The total property loss in St. Louis. accord- 
ing to conservative estimates, does not exceed $100,000, and 
perhaps nbout the same amount in Madison ancl East &ladison. 

Three fatalities were reported and twenty persons were 
injured. 

A peculiarity of the storm was its extremely local character. 
While the storm was a t  its height a t  3:55 p. m. in north St. 
Louis, the central and southern portions of the city experienced 
only moderate breezes, partly cloucly sky, and but slight 
changes in temperature. Very little rain occurred, except in 
the immecliate path of the storm. The temperature a t  3 p. u. 
at this station was 83’; 4 p. m., when the storm was at its 
height, 62’; 5 p. m., 64’; the masimmn wind, which occurred 
a t  about 4 1). m., was only 24 miles per hour; the barograph 
trace shows a steady fall in pressure. reaching 39.13 inches 
when the storm was passing north of the station, with a rery 
slight rise of only 0.03 of an inch shortlyafter 4 11. m., and 
falling thereafter to a minimum pressure of 29.06 inches at  
about 9 1). m. The instruments a t  the exposition showed even 
less variation than did the station instruments. 

CLOUDBURST NEAR CITRUS, GAL. 
Ry W. E. BONNETT, Assistant Observer, in  Lharge, Tudrpourlrnrc, ( ‘XI .  

On Angust 6 showers were forming over the mountain peaks 
a t  9:30 a. m. (Pacific t,ime), somewhat earlier in tlie day t,haii 
seems usual here. They gradually increased in nuinher and 
extent until about 1 1 3 0  a. m., when the entire sky was orer- 
cast and threatening. The first thunder was heard a t  this 
time. These conditions culminated in very severe thunder- 
storms in the ranges, both to the east and west of us. 

The most excessive precipitation occurred over what is known 
locally as Mazuka Canyon, cut in the western slope of the Inyo 
Range. This opens to a gently sloping sage-brush plain, three 
miles from the station of Citrus. When the flood emerged 
from the Canyon it spread itself over the fan-shapecl deposit 
there, and flowed with a front of nearly two miles and a depth 
of several feet toward the station at  Citrus. The country over 
which the water came is wholly uninhabited and the only dam- 
age that was clone occurred about the station. Here several 
hundrecl feet of the railroad track were washed away and for 
a greater distance i t  was covered over with clQbris. One and 
one-fourth miles of an irrigating ditch, belonging to the East 
Side C’anal C’ompany, was filled up. 

THE ANNUAL AND GEOGRAPHICAL DISTRIBUTION OF 
CYCLONES OF HIGH VELOCITY (OVER 500 MILES IN 
TWELVE HOURS) IN THE UNITED STATES, 1893-i~oa.1 

R) S T \ N I I L ~ V  H ~ N Z L I K ,  Pli. D. (Prague). 

,\‘uiiiniory.-The object of the study, the preliwinary results 
of which are herein summarized, mas to determine the influ- 
ence of areas of high pressure (highs), and especially of the 
so-called St. Lawrence high,’ upon the velocity end direction 
of movements of areas of low pressure (lows). In  preparation 
for this investigation, all cyclones of high velocity (over 500 
miles in twelre hours) during the years 1893-1902 were con- 
sidered. No relation between tlie velocities of cyclones and 
the barometric gradient could be made out in the case of 
cyclones in the western portion of the southern circuit.’ 

The reason for this fact was doubtless that of about 130 
cyclones in ten years there were about 110 secondary lows, 
which were deflected to the south, and the laws of the move- 
ments of secondary lows, which are under the influence of 
priiunry lows, are extremely complex. The 20 primary cyclones 
remaining sliowed too little similarity for purposes of com- 
parison. But i t  distinctly appeared that the relation of the 
velocity of cyclones to the gradient was such that higher 
velocities occurred with weaker gradients in front of the 
~yc lones .~  

The nest point taken 111) was the geographical distribution 
of the occurrence and of the relocities of rapidly moving cy- 
clones, ~ n d ,  as is shown in the tables and cliarts which follow, 
there is a distinct deflecting and splitting effect on t h e  part 
of the St. Lawrence high in the case of the eastern portion of 
the southern circuit track of these cyclones. The lows which 
are deflected to the right of the high move inore rapidly than 
those which are deflected to  the left. The splitting in the 
northeast is most marked in February and March, and there 
is practically none in January. This is probably due to the 
nearly equal velocities of lows and highs in January and to 
the passage of the southern circuit lows to the left of the St. 
Lawrence high in November ani1 to the right in December. 

No definite answer has been obtained to the question set as 
the object of this study, but some preliminary results have at 

1 Preliininarj reliort on work done during the year 191)3-4 in the course 
Geology 26 (Climatology: advanced course), given under the direction of 
Prof. R. De C .  Ward, in Harvard University. 

The instructor’s share in this work has been limited to  some general 
suggestionb at the heginning of the investigation, occasional conferences 
during its pogrehs, and a revision (if this report for pllbliCatiOU.-RoBERT 

2The term “St. Lawrence high ’’ is attrilJuted to any high which, on its 
path eastward, hangs persistently in the locality of the Gulf of St. 
Lanrrence, checking the 1wOgrebb of lows from the West. 

‘( Northern circuit ” is one main path of ciiculation of cyclones pass- 
ing directly eastward (from the Nurthwrst British Posses4ons) over the 
Great Lalie- ani1 the St. Lawrence Valley to  Newfoundland. 

Southern circuit ” is second main path of circulation of cyclones 
along the Rocky Mountain slope southeastward to Texas, thence east- 
ward over the Gulf States to the Carolinas, and thence northeastward to 
the Banks of Newfoundland. 

Monthly Weather 
Review, January, 1895, p. 10. 

I ) E  c. IV 4RI).  

(See E. B. Garriott: Types of storms in January. 
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least been achieved. In the remainder of the investigation 
the writer will endeavor to throw some light on the following 
points: 

1. What controls the deflection of rapidly-moving lows to 
the right or to  the left of the St. Lawrence high? 

2. Is there any relation between the form, gradients, pres- 
sure, and other characteristics of lows and the velocity of 
progression of the lows? 

In the investigation of the second of these two questions, it 
is hoped that the results obtained will be more exact than has 
thus far been the case. The difficulty, as above pointed out, 
in the case of the lows in the western portion of the southern 
circuit has been the large number of seconclary lows. The 
region of the Atlantic ancl Gulf States offers primary lows in 
larger number and in better development. 

The charts of the tracks of the centers of low areas pub- 
lished in the MONTHI.P WEATHER REVIEW for the pears 1893-1902, 
inclusive, were taken as the basis of this work. The only lows 
considered were those which, when the tracks were measured, 
showed a velocity of progression of 500 miles or more in t,welve 

The error in measuring the lengths of the tracks lies 
within the limits of error of the scale on the maps. It is, 
therefore, possible that some tracks showing velocities of very 
nearly 500 miles in twelve hours map have been orerlookecl. 

TABLE l.-Nuntber of fd stor?~is .~ 

1893. ........ 
1SY4. ........ 
18‘35. ........ 
1S96. ........ 
1897. ........ 
18!18.. ....... 
1899.. ....... 
1900.. ....... 
1‘JOl.. ....... 
1902. ........ 

I--I-- ---- Average ........ . ,23.4 ,lS. 3 /31.1 IGI 1.9 1 7. !? 1 7 . 4  1 6.2 ~ ~ 1 ~ ~ ~ 1 ~ 1 ~  
______ 

During the whole period under review there were, as shown 
in Table 1, 1586 cases of a t  least 500-mile progression in 
twelve hours. The numbers for the first two years are some- 
what larger than they should be, because the maps in the 
MONTHLY WEATHER REVIEW for those years cov0r a larger area 
than do the maps published since. Hence, some lows over the 
Atlantic Ocean and east of Newfoundland are included in the 
count, whereas in the maps a t  present employed these areas 
are omitted The number of rapidly-moving lows varies from 
year to year about f 1 0  per cent from the mean, the greatest 
differences in percentages being 87.7 per cent in 1902 and 110 
per cent in 1900. 

I f  we follow the numbers of rapidly-moving lows from month 
to month, we see that the greatest number comes in January, 
with 23.1 as an average, and the smallest in August. with 6.2. 

Three characteristic features of the monthly changes are : 
1. A minimum between January and March. February has 
18.3 against 23.4 in January and 21.1 in March. Even if cor- 
rected by addition of one-tenth, February still has only 20.1 
(18.3+1.8). 2. The large number of rapidly-moving lows in 
September (11.5) in comparison with October (9.4). 3 .  A 
slight increase in the numbers in .July (“A)  as compared with 
June (7.2) and August (6.2). 

I f  we note the numbers of fast storms in February in each 
of the ten years, we see that in six years (1893,1895, 1S915, 

Following Loomis. 
6By “fast storm ” is meant a cyclone which nioves 500 miles or more 

in twelve hours. 

1899, 1900,1902) that month had fewer than January and 
March, in two years (1896, 1897) February had more than 
January and March, in one year (1894) it had more than Jan- 
uary and fewer than March, in one year (1901) it had more 
than March and fewer than January. I n  seven out of ten 
years March had more rapidly-moving cyclones than February. 

I n  seven years the nnmbers of fast storms was greater in 
September than in October (1893,1894,1895,1896,1899,1900, 
1901). 

The maxima do not always come in January, nor the minima 
always in August. I n  ten years the iliaximum number of fast 
storms was clistributed by months as follows: January, 4; 
March, 3; December, 2; February, 1 ;  April, 1. The minima 
came as follows: August. 5; June and April, 2 each; October 
and November, 1 each.’ 

I n  order to eliilrinate the discrepancies caused by the dif- 
ferent numbers of clays in the different months, each year was 
divided into 10-day periods, and curves were then drawn for 
each year a n d  for the average of the ten years. 

Fig. 1 shows the depression in February and the increase 
alJoVe the average in September, with a depression in October. 
Following the mean curve through the whole year, the condi- 
tions may thus be siimniarizecl: In  the first ten days of April 
the number of fast storms is equal to the Ztverage (4.35 in ten 
days), i t  is 1)eIow the average for April, May, June, July, and 
August, with some slight fluctuations; in the first half of Sep- 
teinber it rises above the average, falls again, and again rises 
above the average in the beginning of November, remaining 
in that relation till the end of March, with a depression in 
February. There are, therefore, two maxima of occurrence of 
rapiclly-moving cyclones : 

1. The primary winter uiasimum from the first half of Wo- 
vember up to the end of March. 

2. The secondary autumn iiiasiiniiln in September. 
The rapid fall below the average at  the end of IIarcli ancl 

the beginning of April is characteristic of each year, except 
18!)5 nncl lfi!)S, when there was a delay of one month. 

I n  the NVNTHLY WEATHER RE\IEW the average velocities of 
high and low areas are given for each month. The number of 
half clays occupied by the passage across the United States of 
all the cyclones in each month of the ten years was expressed 
by 100, and a computation was made as to what percentages 
of half clays belong to the fast storms, :~nd  also as to how these 
percentages are distributed among the storins of different ve- 
locities, e. g., 500-G00 miles in twelve hours: 600-700 miles in 
twelve hours, etc. For  example: Tho t8ime occupied in the 
progression of all cyclones in January, 18!)3, wis 7:) half days, 
in IS94 i t  T V ~ S  84 half clays, etc. In  the ten years, 1893-1902, 
the time thus occupied in the progression of cyclones in Janu- 
ary was 869 half ~lays. Of this number the fast storms took 
up 231 half clays or ( 231 : 869) 26.9 per cent. This percentage 
may to some extent serve as an expression of the ‘ r s t o r ~  
activity ” of the month. C!oinputations of similar nature may 
be carried out for the length of the tracks of rapidly-moving 
cyclones in comparison with the length of all cyclonic tracks. 

In  general, if the half-day storm track be taken as the basis 
of measurement we note: 

1. That one-quarter of our winter cyclones belongs to the 
“ fast-storm ” class, the maximum proportion coming in Janu- 
ary. and the percentage decreasing toward summer, being 10 
per cent in the summer months, with a minimum (7.7 per cent) 
in August. 

2. The percentage in February is smaller than in January 
and March; there is a high percentage in J ~ i l y  (as compared 
with ,June and Augubt) ancl in September, with a decrease in 
October. 

A comparison of the data in Table 2 with the average 

7 The year 1902 had two equal maxima and two equal minima. 
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decrease is followed by an increase in the spring (February, 
March) and the increase is followed by a decrease in the fall 
(September, October) and both features occur a t  the time 
when the sun is crossing the equator. 
TABLE %-Duration of cyclones of diferent velocities (1533-1902) expremed 

in  percentages of the nggregute dtimtion. 
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FIQ. 1.-Number of rapidly-moving storms in each period from 1893 to 
1902, inclusive. 

hourly velocities ’of all storms in each month (last column, 
Table 2) is interesting, especially in July. As the average 
hourly velocities do not show the February decrease and the 
September increase above noted, some explanation of this dis- 
crepancy must be sought in the influence of the lows that 
move less rapidly than 500 miles in twelve hours. 

The question arises, How shall these two peculiarities in the 
yearly distribution of fast storms, viz, the depression in Feb- 
ruary followed by an increase in March, and the increase in 
September followed by a decrease in October, be explained? 
Are these regular features of every year, due to slight but 
regular more or less marked disturbances in the general cir- 
culation, or are they only features of the period under review? 
The writer offers no answer, but wishes to point out that both 
of these peculiarities are alike in the following respects: The 
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After discussing the yearly occiirreiice of rapidly-moving 
cyclones, the nest question taken up was the geographical 
distributioii of such cyclones and their principal tracks. In 
studying this subject, a map of the United States was divided 
by means of parallels and meridians, into 5-degree squares, 
each square being numbered, beginning with 1 in the extreme 
northwest and ending at 90 and 91 over Cuba. Fig. 2. 

FIG. L-Map of t.he United States, showing system of numbering 
5-degree squares. 

NUMBER OFTRACKS 
PER Y S Q U A R €  

S - I O  10-15 15-10 20-25 1s-30 

FIG. 3.-Geographical distribution of fast-moving cyclones (period 1893- 
1902). 
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18 ........... 
19 ............ 
20 ............ 
21 ............ 
22 ............ 

I n  each of these squares waa entered the number of all fast 
storms which passed across that square, and from these data 
i t  was possible to  see the changes in the numbers of such 
storms in each square for each month. The fast storms west 
of the Rocky Mountains were omitted. The geographical dis- 
tribution of these storms is shown in fig. 3 and in Charts SI 
and SI1 and Table 3. 

TABLE 3.-Nutnbers of fmt s torm pmsed each square in ten years. 
SQITARES 2-14, NORTH LATITUDE 5Oo-55O. WEhT LONGITUDE 6Oo-125O. 

8 9 
15 9 
1s li 
14 15 
19 10 

summer half-year, because of the small number of such storms 
a t  that season. For the winter half-year, however, the condi- 
tions are much more satisfactory, especially as regards the 
principal tracks, in drawing which the author has made use of 
maps that he has constructed, showing for each month the 
tracks of all fast storms during the 10-year period. (These 
monthly track charts of rapidly-moving cyclones are not here 
reproduced.) If these small charts are examined i t  will be 
seen that they may be classified into two groups: 

1. Those with northern circuit track (figs. 4, 5, 6, 7, 8, 9, 

9. Those with northern and southern circuit tracks (figs. 
10, 11, 13, 13, 14, 15, Chart SII). 

In  the first group the maps are much alike. The main track, 
with its masimuni number of fast storms in the Lake Superior 
region, in Ontario, and in Quebec, reaches as far south as 
latitude 45" north in May, June, and  October, and to latitude 
-10" north in July, August, and September, forming a loop over 
the upper Mississippi and Missouri region. The change in 
the track from September to October and from October to 
November is notable. 

I n  November the southern circuit begins to be established. 
This reaches to between latitudes 3 5 O  and 40" north, and the 
eastern part of the southern circuit crossing the Lake region 
keeps rather to the Canadian side, trending in an east-north- 
east, direction. There is a remarkable decrease in the occur- 
rence of rapidly-moving cyclones in the upper Mississippi 
region, which continues until March, and is eT-en faintly seen 
in April. 

I n  December the conditions become more exaggerated. 
The southern circuit reaches as far as latitude 35" north, and 
while trending east-northeast i t  is joined by minor tracks 
from the Gulf and South Atlantic States. The southern-cir- 
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SQllARE?; 34-45, NORTH 4TITUDE 40"-4: WEST LONQITUTJE 55"115O. cuit track goes along shore, off New England, while the north- 
ern circuit keeps on the Canadian side. 

January, with its niaximum nuinber of fast storms, is niuch 
like November. The western branch of the southern circuit 
is broad, and is clearly separated from the western part of the 
northern circuit. These both join in the east, passing oyer 
the Northeastern States, which are in this month a region of 
fairly uniforin distribution of fast-storin frequency. 

In  Fel~ruary the western branch of the southern circuit 
comes pretty nearly from the north; the eastern branch splits 
into two tracks to the south of the Lakes. the northern one of 
these two joining the northern circuit, while the southern 
join6 the Atlantic track coming along the coast from the 
Southern States. 

The main tracks in March are similar to those in February, 
mith the exception that the southern circuit does not reach as 
far south as in February and splits soinemhat sooner. The 
eastern portion of the northern circuit is rery marked in 
Canada. 

With April, the transition month, the eastern part of the 
southern circuit Iweaks; there are SOLUQ l~reaks in the western 
and eastern portion of the southern circuit and in the Cana- 
dian portion of the northern circuit. In  April, the summer 
half-year circulation, which is confined to the northern circuit, 
begins 

All the maps from November to Mnrcli, inclusive, have two 
features in cominon, viz, the relatively infrequent occurrence 
of fast storms in the district hetween the Missouri and Great 
Lakes, and the splitting of the southern circuit into two 
branches, one of wliioh crosses over to Canada, and the other 
of which passes off-shore along the New England coast. The 
explanation of these two features is to be found in the occur- 

__ 
1 
1 

J 
6 
3 
3 
4 

1 
A 
4 
1 

DE f 
- 

- 

1 
7 

17 
1 li 
13 
16 
1s 
I7  
I I J  
11 
3 
1 
- 
-110 

34. ........... 
35. ........... 
36 ............ 1 :% 1 4 

16 
16 
14 
11 
14 
23 
1 !I 
27 '11 

11 
5 

7 
Y 

16 
10 
8 

15 
23 
17 
18 
20 
I7  
4 

3 i  ............ 14 
35 ........... 20 
39. ......... 
40 ............ 
41.. .......... 
42 ........... 3' 
43. ........... 
45. ........... 
44 ............ ~ ;; ~ 

I ,  

WEST LI.INUIT 

1 3  :I 5 
11 
11  
1:; 
20 

n 
> 
Y 
4 
1 
I 1  
I1 
U 
U 
0 

1 
16 
5 
4 

111 
5 
9 
7 
0 
3 

49. ........... 4 
50 ............ 11 
51 ............ 18 
53. ........... 15 
53. ........... 17 
M ............ 16 
55 ............ "0 
56 ............ 18 
57. ........... Y 
58 . . . . . . . . . .  1 

HQUAEES 62-70, NOIlTH LATITUDE 3Uo-35O, \VEST L(IN(+ITCIbE 65°-l10'. 

1 
i 

0 i 0 
0 I 0 
1 (I 
2 0  
1 0  
0 0  
0 (I 
u 0 
0 0  

2 
8 

14 
16 
IO 

ti 
I 

4 
4 

0 
0 
4 
5 
1 
3 
4 

1 
1 1  

62. 
63 ... 
65. .......... 
66. 

(I 0 
I 1  1 
1 0  
1 :1 
(I 2 
0 3  
u 4  

75. ........... 3 3 
16. ........... 
77 ............ I l: I 2 ~ 

1 
11 
7 

0 
0 
U 
0 
0 
U 
0 I 

0 
3 
1 
(I 
1 

II I 

n o  
0 0  
0 1  
(1 (I 
0 0 
0 0  
11 1 0 

7s. ........... 1 6 
79. ........... 2 2 
80. ........... 
81 ........... 1 i~ 

, 
> 
1 

8The author wishes here to call the atteiit,ion of the reader to what 
Prof. F. H. Bigelom says regarding storm tracks and their changesfrom 
month to mouth in Weather Bureau Bulletin. No. 20, Storms, Storm 
Tracks, and Weather Forecasting. 

The data for the 10-year period here considered are not re- 
garded as giving a satisfactory view of the geographical dis- 
tribution and of the principal tracks of fast storms during the 

48-2 



363 

Decemher .... ‘ 2 . 4  2.4 2 . 1  
J:muarp Fehruary ..... . . . 1 2 . 3 ~  1.5 ? . S I  1.9 3.4 2.0 
nIarcli ....... 1 2 . 5  3.01 2 . 5  

MONTHLY WEATHER REVIEW. 

1.S ?.? 2.2 

2 . 8 ~  2.3 3 . 5 ~  1.7 1 3.2 1.8 
2.51 1.91 2 .7  

AUGUST, 1904 

rence of the Central States and the St. Lawrence highs, and 
in the different velocities of lows and highs. 

If a storm which, because of its energy, form, or gradients, 
is adapted for a very rapid progression, comes up against the 
rear of a high which lies in its path, the velocity of the low is 
checked somewhat, but the storm at last finds its way around 
the high to the right or to the left of the center. A measure 
of the retarding effect of highs seems to be found in the dif- 
ference of the velocities of lows and highs; if  the velocities 
are equal, there is neither retardation nor deflection. 

The retarding or deflecting effect increases with an increas- 
ing velocity of the low or a decreasing velocity of the high. 
It would suffice for the present purpose to give the differences 
between the velocities of rapidly-moving lows and the highs 
which retard them for each month over the Great Plains ancl 
the Northeastern States; but not having measured the veloci- 
ties of the high areas in the regions named, the writer has 
been obliged to content himself with the average velocities of 
all lows and highs. These data are given below (Table 4) and 

TABLE 4.-Azrercrqe velocities ( i n  miles per  h o w )  of cill hiclhs mid 10m. 
I 

~ November. 1 December. I J:ruunry. 1 Fdlrunry. March. 

24.9 ~ 31.6 31.3 1 90.4 2s. 9 
26.0 25.5 I 39.6 1 ?G.O I 25.8 

Differenl.e,luw--igh.~ ~~ + ? . 9  + G . 1 1  + 1 . 7 1  t 4 . 4 ~  + 3 . 5  

Lows . .  . . . . . . . . . . . . . . . 
Highs , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

furnish a satisfactory esplanation of the influence of the St. 
Lawrence high. To this question regarding the St. Lawrence 
high further discussion will later be directed, but attention 
may here be called to the fact that the retarding effect of highs 
on lows is greatest in December and least in January. 

In the study of the fast storms which follow the western 
part of the southern circuit, there have been collected from 
the author’s monthly track charts above mentioned all tracks 
that had an azimuth between south-southwest and southeast. 
In  each of these cases sketch-maps were drawn. showing the 
general distribution of pressure over the United States as in- 
dicated on the Washington weather maps. It was found that 
the fast storms passing southward along the eastern base of 
the Rocky Mountains are in general under the influence of high 
pressure belts, which may be classified as follows: 

1. High pressure in the central region. 
2. High pressure on the Pacific coast or Rocky Mountain 

3. High pressure in Alberta. 
The effect of conditions 2 and 3 is to accelerate the progres- 

sion of the low, while a high area in the central region retards 
the advance of the storm ani1 causes its deflection to the south. 
This last-mentioned high (1) is the most important of the 
three, and the maps on which these conditions of pressure pre- 
vailed were divided into four pressure- type groups, viz: 

( a )  The eastern high has its maximum pressure in the Lake 
region, and its isobars form ellipsoidal loops far south to the 
Gulf States. 
. ( h )  The eastern high has its maximum pressure in the Soutli- 

central, Eastern, Ctulf, or South Atlantic States. 
(c) The link type between 1 and ‘2, where two highs, one in 

the Lake region ancl the other in the south, together form a 
“ saddle.” 

((7) Scattering cases, which are too complex tmo be classed 
in any of the three preceding groups, but resemble type 2. 

After completing the foregoing classification the writer hac1 
access to Professor Bigelow’s Storms, Storm Tracks, and 
Weather Forecasting and found that the types ti and h cor- 
respond to the high areas accompanying Professor Bigelow‘s 
North Pacific type9 and Alberta tgpe’O (page 35). The “ saddle ” 

Plateau. 

The North Pacific type.--“ These (storms) come in over the extreme 
northern coast, near Vancouver, and separate about equally in numbers 

type, usually a transition type, frequently changes into type 
a or b, so that the high pressure in the south or north disappears. 
Thus it appears that the fast storms that move south along 
the eastern Rocky Mountain slope over the Great Plains are 
controlled in their path by the highs of the North Pacific and 
Alberta types. 

The detailed study of the influence of the St. Lawrence high 
upon the rapidly-moving storms of the southern circuit is to 
form the second division of this investigation. A t  present the 
following facts can be stated: 

I n  November there is no splitting of the track, because the 
southern circuit does not reach far south and, therefore, all 
fast storms pass the St. Lawrence high, leaving it to the right. 

In  December the majority of the fast storms of the south- 
ern circuit pass the St. Lawrence high in such a way that they 
leave it on their left. 

About January, as was stated above, the fast stormspass with 
a fairly evenly ciist,ributecl frequency over the Northeastern 
States, and i t  may be due to this fact that the lows and highs 
cio not differ much in velocity (see Table 4). In  this month 
some of the fast storms, especially those from the northern 
circuit, cross the main broad track in New England nearly at  
right angles, showing very distinctly the deflecting influence 
of the St. Lawrence high. 

In  February and March, when the southern circuit shifts 
northward, the influence of the St. Lawrence high is very 
marked in deflecting the path of fast storms. I C  Special at- 
tention,” as Professor Bigelow points out, “ should be directed 
to the probable behavior of the St. Lawrence high, as upon 
this will depend success in forecasting the advance of large 
storms from the southwest.” 

The following table (5) shows the number of fast storms 
which passed over the Northeastern States (5-degree squares 
Nos. 25, 26, 27, -10, -11,42) and it will be seen that there is a 
marked falling off in square 41 (New York s n c l  Pennsylvania) 
in the months of February and March, thus distinctly showing 
the influence of the St. Lawrence high. The 5-degree squares 
are naturally too large and give too general a view. One- 
degree squares would bring out the contrasts much more 
sharpely : 

TABLE 5.-Niimher qf.fn4t storms pmaiiig over the Northpccstern Statea. 

The data used in tracing the frequency of fast storms were 
also used in determining the average hourly velocities of fast 
storms in each square. The sum of all velocities marked in 
each square was divided by twelve times the number of fast 
storms which passed across the square. This was clone for 
the autumn and winter months (November to March), omitting 
States west of the Rocky Mountains. The averages ase given 
in Table 6. 

These numbers do not, of course, give the velocity of storms 
along the main tracks which are above drawn, but average 
velocity of storms along all tracks which crossed each square 
in any direction. The true velocity for each track might be 
into two pathsiof which the first is-directly eastward over the Lakes 
and the second far to the southeastward along the mountain slope, gen- 
erally reaching northern Texas. In  this case a high covers the central 
valleys and the Missouri Valley, the weight of it being near the northern 
boundary, whereas in the Alberta type i t  is heaviest in the Gulf States.” 

lo The Alberta type.--“ When a low forins in the extreme northwest it 
is generally found that another low covws the Gulf of St. Lawrence and 
that an extensive high area occupies the central valleys and the Gulf 
States * * *. About one-third of the storm centers will be deflected 
into the southern course and these are muchmore erratic in their action 
and harder to  forecast.” 
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obtained by taking the cosine of angle between the direction 
of average main track and the direction of any fast storm in 
each square. This would obviously be a very laborious piece 
of work when the number of fast storms and of the squares 
is recalled. 
TABLE 6.-Average hourly velocity (in miks per hour) of fast  storins in 
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The common features of these sketch-maps, on which have 
been drawn the lines of 50, 55, and G O  miles per hour, are as 
follows (see Chart 1111) : 

1. The high velocities (over GO miles an hour) in the West 
along the Rocky Mountains. 

2. The high velocities (over GO miles an hour) along the 
Atlantic coast and also offshore. 

In  the second case, the high velocities in the east of storms 
of the southern circuit progressing northeast come in Novem- 
ber in the Lake region when the storms cross over to the Cana- 
dian side. December is similar to November, except that in 
the case of the southern circuit a branch track froin the Gulf 
States, with high velocities, joins it, ancl on the average all 
velocities are increased 5 miles au hour as compared with No- 
vember. I n  January the highest velocities are in the Gulf 
States and offshore, over the Atlantic, these being clue to 
storms from the western Gulf a p l  South Atlantic States, 
which enter the branch of the southern circuit trending north- 
east. 

The February map looks somewhat confused, but there seems 
to  be a tendency to return to the distribution of Velocities 
noted in December. The velocities in the Southeastern States 
are high, but  they are lower where the track divides. In  
March the velocities in the West decrease, the highest veloci- 
ties are over the Atlantic, where the right-hand branuh of the 
divided southern circuit meets the storms coining from the 
Gulf ancl South Atlantic. 

It is noticeable that in the months of December to  March, in 
which the eastern portion of the southern circuit divides, the 
average velocity of fast stornis along the right-hand, OR, or 
alongshore track, is greater than that of the left-hand, con- 
tinental track. An obvious explanation is that the storms off- 
shore move with much less friction over the ocean surface. 

I n  Table 7 are comparecl the average velocities of the 
left-hand, or Canadian branch (represented in squares 26, 27, 

28) and those of the right-hand or alongshore branch (rep- 
resented in squares 41, 42, 43) with the differences between 
these velocities. In  all but two cases the differences are posi- 
tive, which confirms the greater velocity of the alongshore 
track. The differences would be more striking i f  smaller 
squares had been taken. A similar attempt was made in the 
case of the summer half-year, but was unsuccessful. Data 
for twenty to thirty gears would be necesEary in order to give 
an idea of the distribution of the average velocities in summer. 
TABLE 7.-Cotnparison of average ireloritiea (in miles per hour) of storms 

along the trao branches of the southern rirclcit. 
[%junre,26. 27, 3, irprcwut tllr left-lrnn~l 8 1 1  (‘airmliau blaoch; y i i a r e ~ 4 1 , J 2 ,  43, the right- 

lldlld 111’ aluugshulr blauch ] 
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THE UNUSUAL RAINFALL OF FEBRUARY AT HONO- 
LULU. 

By R. C. LI I,Ft K F K ,  Trriiturinl hIt.teorohl#i*t. DntPd JIarch 17, 1904. 

The rainfall for February was from four to five times the 
normal, which is given as 5.6 inches. The average rainfall 
reported last month was 24.S‘i inches. According to the 
monthly summary, Oahu suflerecl the most in the storms; 
Maunawili, on this island, reported a fall of 44.65 inches, while 
in twenty-four hours a t  the same place 12.50 inches of rain 
fell. Hawaii suffered the least of any of the islands in the 
storm, though the big island is usnally well to the front in 
the rain records. 

I inclose a barograph sheet (fig. 1) showing the fluctuation 
of the barometer a t  Honolulu during the week of heaviest 
rainfall. The previous records of lower pressure than is shown 
on this sheet (29.59 on the 11th) are as follows: January 28, 
1881,29.40; February 5,1901,29.49; February 13, 1891,29.57; 
November 15, 1900, 29.58; February 11, 1904, 29.59. 

On this island the rainfall record of 44.25 inches at  Luakaha, 
RIarch, 1902, was broken by a fall of 44.65 at  Maunawili. 
There was no warning of the storm’s approach, which set in 
on the afternoon of the 6th, ancl between 3 11. m. of that date 
and 9 a. in. of the 7th 6.23 inches fell at t,he TVeather Bureau. 
On the 16th there was every indication of this storm passing 
away, but these indications suddenly ceased, ancl those of 
storm No. 2 appeared, which followed closely. It might be 
said that No. 2 dovetailed into No. 1. During the greater 
part of these storm8 calms and light winds prevailed, as noted 
on the records of observations. 

Our heavy rainfails heretofore hare always followecl several 
months of pressure below the n o r i d ,  and this is the first time 
that t8he coiitrary has been the case since t,his oftice was 
established It was with this fact in view that. in my siiin~uary 
for November, 1903, I said: “The baroi~~etric average for the 
past five nioiitlis has been slightly above the normal, a condi- 
tion likely to be followed by a winter of moderate rainfall,” 
the authority for the statement being the records of this oBce. 
R l i .  Lyons tells me that in all his experience he has never 
known a like condition. 

The accompanying barogram, from noon of February 8 to 
noon February 15, shows that during the first three clays there 


